Background: The proposed underlying mechanisms of anxiety and depression, and of postoperative neurocognitive disorder (NCD), each include immune system involvement. Therefore, the aims of this study were to investigate the incidence of postoperative NCD 3 months after surgery among oncological patients undergoing surgery and to evaluate the role of preoperative anxiety and depression.
death, and the risk of potential adverse postoperative outcomes have influence on anxiety and depression and affect quality of life negatively. 4 An adverse outcome after surgery considered particularly relevant in (but not restricted to) the elderly is postoperative cognitive decline. 5 This deterioration in cognitive functioning following surgery has been termed as postoperative neurocognitive disorder (NCD) recently. 6 Although it has been reported that postoperative NCD is a multifactorial phenomenon, there are few well-established risk factors. 7 Accumulating evidence suggests that postoperative NCD might result from increased inflammatory activity. 8, 9 As both anxiety and depression are associated with increased inflammatory activity, preoperative symptoms might predispose patients for the development of postoperative NCD. 10, 11 In literature most studies focused on the elderly, but this subject would be interesting for both the young and the old, as younger patients tend to experience more anxiety and depression during cancer treatment but older patients are at increased risk for postoperative NCD by advancing age. 12, 13 Although definition, degree and duration of postoperative NCD are well explored, the influence of anxiety and depression on the development of postoperative NCD has not been investigated extensively.
We hypothesize that patients with (symptoms of) anxiety and depression have a higher risk for the development of postoperative NCD compared with patients without these symptoms. The aim of this study is to investigate the incidence of postoperative NCD 3 months after surgery among young and older patients undergoing surgery for cancer and to evaluate the role of preoperative (symptoms of) anxiety and depression.
| METHODS

| Study design
This study is embedded in the prospective observational study Data collection was conducted in accordance with the Declaration of Helsinki. 14 Written informed consent was obtained from all patients in accordance with local regulations, and patients' identities were anonymized by coding data before statistical analysis.
| Outcomes
The primary study outcome was the incidence of postoperative NCD 3 months after surgery in young and older patients undergoing surgery for cancer. Secondary study outcomes were the prevalence of preoperative (symptoms of) anxiety and depression in young and older patients undergoing surgery for cancer and the associations between risk factors, including preoperative anxiety and depression, with postoperative NCD 3 months after surgery.
| Definitions and data collection
Neuropsychological tests to determine performance in three cognitive domains (memory, executive function and information processing speed) were conducted at baseline (approximately 2 weeks before surgery) and 3 months after surgery. The Dutch version of the Rey Auditory Verbal Learning Test (RAVLT) for immediate and delayed recall, the Trail Making Test part A (TMT-A) and B (TMT-B), and Ruff's Figural Fluency Test (RFFT) were used to determine neurocognitive performance in the domains of memory, executive function and information processing speed. The RAVLT was used as an indicator of memory and expressed as the total number of words correctly remembered during the five immediate recall trials (lowest score, 0; highest score, 75) and the total number of words remembered at the delayed recall trial (lowest score, 0; highest score, 15). 15 The TMT-A was used as an indicator of information processing speed and expressed as the number of seconds it took to complete the TMT-A (lowest score, 0; highest score, 480). 16 Performance on executive function was expressed as total number of the number of seconds it took to complete the TMT-B (lowest score, 0; highest score, 480) and the unique designs drawn in parts 1 to 5 (lowest score, 0; highest score, 175) of the RFFT. 5, 16, 17 A dedicated nurse and a medical or neuropsychology graduate student were trained on neuropsychological test administration and relevant interview techniques by a neuropsychologist. All measures were administered and scored in a standardized manner. Postoperative NCD was studied at overall and per cognitive domain.
Overall postoperative NCD was defined as a ≥25% decline in the performance scores compared with the baseline score, in at least two of the five tests. 5, 18 Whereas domain postoperative NCD was defined as a ≥25% decline in the performance scores in a specific domain compared with the baseline score in that domain.
Anxiety and depression symptoms were assessed using the Hospital Anxiety and Depression Scale (HADS) at baseline (approximately 2 weeks before surgery). 19 The HADS is a 14-item screening tool that focuses on nonphysical symptoms of anxiety and depression, using 7 items for anxiety (HADS-A) and depression (HADS-D), respectively. Responses are rated from 0 to 3 points, total scores on DU ET AL.
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HADS-A and HADS-D may range from 0 to 21 points. Optimal balance between sensitivity and specificity for HADS as screening instrument is achieved most frequently at a cut-off score of ≥8 for HADS-A and HADS-D. For both subscales sensitivities and specificities are approximately 0.80. 20 Patient, psychosocial, disease, and treatment details were collected prospectively from baseline. Socioeconomic status (SES) was estimated for each patient, using an area-based measure (postal codes) provided by the Dutch governmental organization Sociaal Cultureel Planbureau that assigned an overall score for income level, degree of unemployment and percentage of low education level. Accordingly, postal codes were assigned to 3 SES categories: low (fourth and fifth quintile), intermediate (third quintile), and high (first and second quintile). Independence was assessed using the Instrumental Activities of Daily Living (IADL) scale, and frailty was assessed using the Groningen Frailty Index (GFI). 21, 22 Preoperative cognitive function was assessed using the Mini-Mental State Examination (MMSE), whereas comorbidity was assessed using the Charlson Comorbidity Index. 23, 24 Tumor stage was assessed using the TNM classification system, and anesthetic risk was estimated 24 hours before surgery using the American Society for An esthesiologist scale (ASA). 25 Educational attainment was categorized into primary school or below, and higher than primary school (In the Netherlands, most children finish primary school at the age of 12). Socioeconomic status was categorized into low, intermediate and high. 26 A surgical procedure with an anesthesia duration of >210 minutes was defined as major surgery. 5 
| Data analysis and statistics
Patients with at least one complete cognitive test series (out of the maximum of five complete cognitive test series) were included in the analysis. A cognitive test series consists of baseline testing and testing at 3 months postoperatively. Χ 2 tests were performed to assess whether there were differences between included and excluded patients. Cognitive assessment scores are presented as medians and interquartile ranges (IQRs). Wilcoxon-signed rank tests were used to assess changes in cognitive performance over time.
Univariate and multivariate logistic regression analysis were performed to evaluate the associations between risk factors and NCD at 3 months after surgery. Variables with P values of <.15 in univariate analyses were included in the multivariable analyses. Given the specific interest in the role of preoperative depression, HADS-D outcomes were retained in the multivariate models. A rule of at least five events per predictor variable in the multivariable analysis was applied. 27 Odds ratios (ORs) and their corresponding 95% confidence intervals (95% CIs) were estimated and are reported. P values of <.05 were considered to indicate statistical significance. Data analysis was performed using IBM SPSS, Version 23 (IBM Corp, Armonk, NY) and and GraphPad Prism version 5.04 (GraphPad Software, San Diego, CA). Patients included and excluded from the analysis were comparable in health status (Table 1) . Of the164 included patients, most had education to a level higher than primary school (87.1%), but also had low SES (72.5%) and high rates of comorbidities (73.8%). More than half of the included patients either had a body mass index exceeding 25 kg/m 2 (63.8%) or underwent invasive surgery (69.5%). To the elderly group, 57 patients were assigned with a median age of 75 The results of logistic regression analysis for overall postoperative NCD are shown in Table 3 
| RESULTS
| Incidence of postoperative NCD and the domains most commonly affected
The finding that 12% of patients experienced postoperative NCD in the elderly group is consistent with the results of previous studies in elderly populations, which have shown that the incidence of NCD varies from 9.9% to 16% after noncardiac surgery. 5, 28, 29 Only two studies have investigated the incidence of NCD in young adults (age < 65 years), and these reported incidences of 5.7% and 6.4%. 7, 13 The slightly higher incidence in our study might reflect the slightly older population, the longer mean anaesthesia duration, and relatively invasive surgical procedures, which has been associated with a higher risk of NCD. 7, 13 Furthermore, the differences in neuropsychological tests, the definitions of NCD and the study populations themselves might have affected the incidence of postoperative NCD.
The domain most vulnerable to decline was executive function, while memory function was least affected. This is consistent with previous findings among elderly patients with cancer. 5 This distinction between cognitive domains supports the hypothesis that specific brain areas might respond differently to the perioperative inflammatory response. 30 It was also notable that the incidence of decline in executive function was twice as high in the elderly group than in the young group. This might be due to the increased susceptibility and reactivity to inflammatory mediators of the areas associated with executive function in the aged brain, which in turn, exacerbated the neuroinflammatory response. 31, 32 
| Preoperative (symptoms of) anxiety and depression
Preoperative anxiety was a risk factor of decline in executive function, controversially to what was hypothesized, preoperative depression was not associated with NCD 3 months after surgery in our adult population with cancer. It is possible that patients with symptoms of depression were less motivated to participate in the cognitive assessment in this study, thereby confounding the results. Supporting this theory, the incidence of self-reported depression was only 11.6%, which is much lower than the reported 27% in a metaanalysis of data for patients screened by self-report instruments during treatment for cancer. 33 The prevalence (15.2%) of anxiety in patients preoperatively in the current study lays in line with literature as on average 19% of patients show levels of anxiety in the clinical range during oncological treatment. 3 However, younger patients experienced more (symptoms of) anxiety when compared with older patients. Studies point out that age is inversely related to emotional distress, and that younger patients tend to experience higher levels of anxiety due to a larger disruption of social and Higher than primary school .923
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| Other risk factors
Educational attainment was found to be strongly associated with postoperative NCD. This is supported by a review that showed low educational attainment to be associated with an increased risk of NCD after surgery. 7 It has been suggested that low education attainment itself might indicate lower cognitive reserves. That is, patients with high cognitive reserves may be better able to cope with disruptions by having more efficient and flexible cognitions than their peers with low reserves. Therefore, low education attainment might be a confounder rather than a risk factor of NCD. 35 This might be expected when comparing NCD with a control group (eg, based on a z-score cut-off of 1.96). 13, 28, 36 However, in our study, cognitive function was compared before and after surgery in the same group, where education attainment was unchanged.
It was notable that advanced tumor stage was protective against overall NCD and a decline in the memory domain. This may be because patients with advanced tumors had been physically ill and worried about their diagnosis and the upcoming surgery, potentially resulting in a higher chance of missing data and a worse performance on the preoperative neuropsychological tests. 37 Those who underwent successful surgery might then have benefitted from physical improvement and stress relief that improved their postoperative cognitive performance. Equally, those who had continuing illness after surgery may have been unable to complete the cognitive assessment, as was observed in the International
Study of Postoperative Cognitive Dysfunction in which continuing ill
health after surgery commonly led to study withdrawal. 28 Therefore, for patients with advanced tumors, improvements in cognitive performance scores might be expected in the research setting that are not seen in daily clinical practice. 38 
| Strengths and limitations
There are several strengths of this study. First, the cohort was prospectively designed, and a research team was trained to conduct the tests in a standardized manner to avoid subjective bias in the delivery of the neuropsychological tests. Second, patient needs were prioritized when conducting the study, aiming to achieve a consecutive series of patients and to minimize dropout. When an additional visit to the hospital was a burden, assessments were completed at patients' places of residence. Third, our deep investigation of NCD at the domain level in a wide age group, and not merely among the elderly, contributes to a greater understanding of the incidence of postoperative NCD and the domains of cognition that are affected. However, certain limitations of the present study should also be noted. The study was conducted in a tertiary referral center, which introduced selection bias. Patients referred to this hospital generally undergo more complex surgical procedures compared with the wider population who undergo surgery for cancer. In the study cohort, individuals with relatively worse health statuses also had a higher chance of being excluded. Meanwhile, patients with symptoms of depression were less motivated to participate which might limit the ability to assess the association between depression and postoperative NCD. There were 12% of the included patients unable to complete the follow-up cognitive assessments at 3 months, and this dropout rate is comparable to that in other studies on this topic. 13, 39 However, given that the excluded patients had a relatively worse health status and given that patients with impaired cognitive statuses are more likely to be lost to follow-up, there is good reason to believe that the true incidence of NCD was even higher than that reported. It should also be noted that the failure to include a healthy control group prevented from accounting for a learning effect and might blur the true effect of surgery on cognitive change over time. However, a learning effect should cause postoperative cognitive performance to improve from baseline, reducing the chance of detecting NCD. This is yet another factor indicating that the true incidence of postoperative NCD could be even higher than we estimated.
| Clinical implications and future perspectives
Clinicians and family members need to be aware of this increased vulnerability among patients with low educational attainment and preoperative anxiety symptoms and must be more vigilant for NCD in this population. Given that postoperative NCD also appears to occur at a high incidence among younger adult patients, researchers should investigate this phenomenon among patients of all ages in the future. A larger patient cohort from primary or secondary care will be needed to study the effect of psychosocial factors, specifically preoperative depression, on postoperative outcomes in the future.
For a better understanding of pathophysiology, associations with inflammatory mediators, preoperative anxiety and depression and postoperative NCD should be explored, as the proposed underlying mechanisms involve the immune system.
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